Protein was extracted from the seeds of Kleinhovia hospita Linn., which is being a nonconventional source. Extraction of K. hospita seed protein at various pH values in aqueous solution and at pH 7, different salt concentrations were done. Fractionation of protein from seeds was performed to separate albumin, globulin, prolamin, and glutelin. The amino acid compositions of total protein isolate (TPI) and the fractions were determined. A total of 15 amino acids were identified including 9 essential amino acids. Gel filtration by Sephadex G-100 revealed the presence of three components in the TPI. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis analysis of TPI and fractions showed different polypeptide bands having molecular weights ranging from 12 to 42 kDa approximately. Scanning electron microscopic study of TPI and fractions revealed the surface topology of the protein.
Introduction
Food is the basic need of human beings containing carbohydrates, fats, proteins, minerals, water, and roughage as major components. Among these, proteins are most important compounds because its deficiency causes malnutrition. [1] Proteins are nitrogen containing compounds composed of mainly 20 different amino acids linked together by peptide bond. The increasing demand for protein is the major acute problem in developing countries where the average protein intake is less than that required. Due to insufficient supply of proteins from the sources like animal origin, government organization and researchers are searching for new sources of protein as a food supplement which must be cheap, reliable, and good quality. [2] These factors inspired the authors to search protein sources from nonconventional plants origin in our country. The abundant unutilized plants can be used to meet the increasing demands for edible proteins. Plant proteins also play significant roles in human nutrition.
With this objective of finding nonconventional protein sources, work on the seeds of Kleinhovia hospita L. was undertaken. K. hospita is an important evergreen, tropical tree growing up to 20 m high, native to the tropical parts of Asia, Africa, and Australia. It is monotypic and the only species representing of its genus (family: Sterculiaceae earlier, it is now included in the family Malvaceae). [3, 4] Plant parts of K. hospita have been used as folk medicine for the treatment of pruritus, tetter, epatitis, and scabies. [5] Different compounds such as alkaloid, terpenoid, coumarin, and steroid are isolated and characterized from the different parts of this plant. [6] [7] [8] [9] [10] The leaf of K. hospita shows a good composition of fatty acids. [11] Antioxidant compounds with their antioxidant activity are also investigated from the leaves of this plant. [12, 13] Other biological parameters like Seeds obtained after decoating of fruits were dried in air and then crushed to finely powdered. The finely powered seeds (200 g) were deoiled by extracting with petroleum ether (2 L, 40-60°C) in a Soxhlet apparatus for 72 h. The seed flour was then washed twice with chloroform:methanol mixture (3:1), air dried, and finally stored in a refrigerator at 4°C for further use. The protein solubility of deoiled seed flour was determined at different pHs (2-12) using distilled water (1:20, w/v) with an electrical stirrer at room temperature (20°C) for 30 min and in presence of different molar concentrations (0.1-1.0 M) of salts like sodium chloride (NaCl), potassium chloride (KCl), magnesium chloride hexahydrate (MgCl 2 , 6H 2 O), and magnesium sulfate heptahydrate (MgSO 4 , 7H 2 O) at pH 7. [16] [17] [18] The nitrogen content of each extract was determined by micro-Kjeldhal method. [19] Preparation of TPI Total protein isolate (TPI) from de-oiled seed flour was extracted by distilled water (1: 20, w/v) at pH 7 for 30 min (20°C). The suspension was first centrifuged at 5000 rpm for 15 min and then, supernatant was recovered. The residue was re-extracted twice more with same solvent using same procedure. The pH of the total supernatant was lowered to 4 (nearly isoelectric point of protein; minimum solubility of protein) by 1 N trichloroacetic acid (TCA). The precipitate thus obtained was recovered by centrifugation at 5000 rpm for 15 min. The recovered precipitate was dissolved in distilled water at pH 7 and finally dialyzed against distilled water for 48 h at 4°C. The extracted total protein was then freeze dried and stored in a refrigerator for further analysis.
Proximate chemical analysis
Both nitrogen and protein contents of seed and de-oiled seed were determined by micro-Kjeldhal method. Moisture and ash contents of the above seeds were subsequently determined using standard methods of analysis. [19] Fractionation of seed protein
The protein fractionations of de-oiled seed flour were isolated using modified Osborne method. [20, 21] Defatted and dried seed sample (25 g) was stirred in 250 ml of distilled water (w/v = 1:10) with a magnetic stirrer at room temperature (20°C) for 30 min. The suspension was then centrifuged at 5000 rpm for 15 min to give the albumin extract. The residue was extracted with 250 ml of 0.5 M NaCl for 2 h and centrifuged at 5000 rpm for 15 min to give the globulin extract. Then, the residue was extracted with 250 ml of 70% ethanol for 2 h followed by centrifugation to give the prolamin extract. The residue left was extracted again with 250 ml of 0.1 M NaOH for 2 h to give the glutelin extract. Similarly, each extraction step was performed twice to recover the most of the protein. The albumin, globulin, prolamin, and glutelin fractions were obtained by precipitating the respective supernatant with 1 N TCA at pH 4 followed by keeping the supernatant overnight in a refrigerator. Each precipitate thus isolated was successively washed (three times) and dialyzed (48 h at 4°C) with distilled water (pH 7). The seed protein fractions were then freeze dried and used for determination of amino acid composition, sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) electrophoresis, and scanning electron microscopic (SEM) analysis.
Amino acid analysis
Five milligram of each protein samples (TPI and four fractions) were dissolved in 2 ml of 6N HCl and the mixtures were hydrolyzed in a boiling water bath for 24 h. Then, solutions were centrifuged at 3500 rpm for 15 min. The supernatants were filtered and neutralized with 1N NaOH. Then, the filtered solutions were diluted to 1:100 (v/v) with Milli-Q water and were allowed for separation of amino acids by HPLC method (Agilent 1100 HP-HPLC). [22] The peak areas were recorded and calibrated with respect to the standard chromatogram.
Gel filtration
Gel filtration chromatography for molecular weight determination was performed by slight modification of Whitaker method. [23, 24] A sephadex G-100 column (2.5 cm i.d. × 30 cm) was used for this method at 20°C. 0.01 M phosphate buffer (pH 7) containing 0.2 M NaCl was used as an eluting buffer. Void volume of the column was determined using blue dextran. A volume of 2 ml of each protein sample was injected in the column from the stock of 4 mg/ml. The standard samples and the protein sample (TPI) were applied in this column separately. Fractions of 2 ml were collected at the flow rate of 0.4 ml/min and monitored with a Shimadzu UV-visible spectrophotometer (Model No 1601, Kyoto, Japan). The molecular weights were also calculated for each component thus obtained (A-C) by the following equation:
where V and V 0 are the elution and the void volumes, respectively.
PAGE
Gel electrophoresis studies of TPI and protein fractions were done according to Laemmli method. [25] Ten percentage of sodium dodecyl sulfate-polyacrylamide gel (Biorad) was used for molecular mass and purity analysis of purified proteins. An amount of 20 µg of each protein sample was loaded to the lane of the gel in a similar way and the electrophoresis experiment was performed at a constant voltage (150 V) in 10% SDS running buffer. After electrophoresis, the gel was stained with 0.006% coomassie blue in 10% (v/v) acetic acid and 90% (v/v) double-distilled water solution for 30 min placed on a rocker. Then, it was destained by 45% (v/v) methanol and 10% (v/v) acetic acid aqueous solution on a rocker at room temperature. After that, gels were transferred into water for storage. The polypeptide bands thus obtained were compared with protein molecular weight marker (mixture of seven native proteins, 14.4-116 kDa).
SEM studies
SEM images of the lyophilized TPI and the protein fractions were performed. Each of the samples was mounted on circular aluminum stubs with double sticky tape and coated with 20 nm of gold using an IB2 ion coater. The samples were examined and photographed using a scanning electron microscope (model S-530; Hitachi Ltd., Tokyo, Japan) at an accelerating potential of 15 kV.
Results and discussion
Nitrogen solubility of seed protein
The solubility of protein in water at different pHs was placed in Table 1 . The maximum nitrogen solubility of protein was found to be 92.96% at pH 12, whereas the minimum solubility (48.67%) at pH 4. The major forces involved in this process are electrostatic, hydrophobic, and hydrogen bonding. In an isoelectric state of protein molecules, the solubility goes to minimum (zero electrostatic repulsion). TPI also showed minimum solubility at pH 4 although it was a mixture of proteins. On the other hand, solubility patterns of seed protein in presence of different salt concentrations (0.1-1.0 M) at pH 7 were investigated ( Table 2 ). Some common salts like uni-univalent, bi-univalent, and bi-bivalent were used for the study of solubility profile. Nitrogen solubilities for KCl, MgCl 2 , and MgSO 4 showed almost similar patterns whereas, for NaCl, the pattern was different. Maximum nitrogen solubilities at 0.6 M were 54.93%, 71.12%, and 79.89% for KCl, MgCl 2 , and MgSO 4 , respectively, whereas for NaCl, it was 51.46% at 1.0 M. The solubility pattern of protein was higher in bivalent salts than the monovalent salts due to highcharge potential of bivalent cations. [16] [17] [18] 
Physicochemical properties of seed protein
Nitrogen, total protein, ash, and moisture contents of both seed and de-oiled seed were given in Table 3 . The protein content of de-oiled seed was 14.75%, comparable to the protein (17.10%) reported for hyacinth bean. [26] After fractionation, four fractions such as albumin, globulin, prolamin, and glutelin were obtained from de-oiled seed. The abundances of albumin (26%) and glutelin (57%) were higher compare to that of globulin (14%) and prolamin (3%). This result showed that water and NaOH-soluble protein fractions were the predominant in K. hospita seed.
Amino acid composition
The amino acid compositions of TPI and the four fractions were shown in Table 4 including the data of soybean protein as a reference. Each of the TPI and the protein fractions contained 15 amino acids in which 9 were essential. The E/T (%) of TPI, albumin, globulin, prolamin, and glutelin was 40.50%, 39.71%, 41.73%, 43.61%, and 38.37%, respectively (Fig. S1 ), which were comparable to soybean protein.
Thus, among the four protein factions, prolamin could be most nutritious whereas glutelin is least nutritious with respect to soybean protein. [27] Molecular weight determination by gel filtration
Two different methods were used for determination of molecular weight of K. hospita seed protein. Three components (Fig. 1) were obtained by gel filtration chromatography (Table 5 ). According to the Whitaker's equation, the molecular weights for three components (A-C) were calculated as 126,599, 33,009, and 18,435 Da, respectively. From the standard curve, the molecular weights of the above components were also determined as 125,893, 31,989, and 18,197 Da, respectively, using standard proteins (BSA, ovalbumin, pepsin and lysozyme) ( Fig. S2 ). Thus, we may conclude that there were three components of polypeptide present in the TPI of the seed.
Electrophoresis results
SDS-PAGE analysis of TPI and protein fractions of K. hospita seed were shown in Fig. 2 . TPI showed four bands approximately at 23, 32, 35, and 42 kDa, whereas albumin contained two bands
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Prolamin Glutelin TPI Figure 3 . Scanning electron micrographs of K. hospita seed protein isolate (TPI) and four fractions (albumin, globulin, prolamin, and glutelin).
at 15 and 25 kDa. The globulin fraction showed three bands approximately at 12, 18.4, and 25 kDa where as prolamin fraction displayed three bands at 18, 25, and 32 kDa. The last fraction (glutelin) contained one band at 18 kDa. Most of the polypeptides were noticed to bind SDS with a constant ratio such that they had basically the same charge densities and migrated in the gel according to their molecular weights. The results showed that the seed protein of K. hospita was simple in structure and characterized by the presence of all the types of protein fractions.
SEM for micromorphological studies
Surface morphological pattern of TPI and protein fractions showed distinct surface structure (Fig. 3) . The TPI showed flaky plate structure whereas albumin fraction displayed as crystal plate structure. Globulin fraction appeared as a spiral like structure with dissimilar way. Crystal plates with various shapes were observed in the prolamin fraction. The glutelin fraction showed plate-like structure with small flake. Thus, SEM studies explain the different characteristics of protein which may contribute to the physicochemical and functional properties of seed protein.
Conclusion
The chemical investigation of K. hospita seed protein was performed for the first time. The solubility of seed protein in water is very high. The seed protein contains high amount of albumin and glutelin fractions. TPI and the protein fractions show that seed of K. hospita contains most of essential amino acids in a considerable amount. Both the gel filtration study and SDS-PAGE analysis reflect the molecular weights of TPI and the protein fractions. Considering all these facts and high availability of the seed in India, it may be concluded that K. hospita seed protein may be used as a food supplement after proper toxicological screening.
